
Fig. 10.—The gastro-splenlc and gastrohepatic omenta have been
tied and the cardia has been drawn up into the chest. Two clamps
are placed across it at C, preparatory to cutting it through with
the cautery knife.

Fig. 11.—Stump of the esophagus, E, and the stomach, S, pre¬viously closed by a Lembert suture, and containing the female half
of the button. Above the stump of the esophagus, and in its lumen,lies the male half of the button. These two portions are ready to
press together to' form the anastomosis.

Fig. 12.—Anastomosis at A, made by pressing the two halves of
the button together. A continuous silk suture is being passed
around the point of anastomosis.

Even with our latest teehnic the results are far from
satisfactory. We have, however, successfully accom¬

plished four resections of the cardia and esophagus, and
six lateral anastomoses of the stomach and esophagus
without resection. Nevertheless, our work indicates that
with a further improvement of teehnic the operation of
the anastomosis with a resection can be accomplished
without so great a mortality, and will eventually prove a

procedure of promise. On the other hand, the operationof anastomosis of the esophagus with the stomach with¬
out a resection, under our present teehnic, is not accom¬

panied with a high mortality.

PNEUMECTOMY WITH THE AID OF DIFFEE-
ENTIAL AIE PEESSUBE : AN EXPEEI-

MENTAL STUDY
THE NEW TYPE OF APPARATUS USED *

WILLY MEYER, M.D.
Professor of Surgery at the New York Post-Graduate Medical

School and Hospital ; Attending Surgeon to the German
Hospital ; Consulting Surgeon to the New York Skin

and Cancer Hospital and New York Infirmary
NEW YOBK

I. EXPERIMENTAL WORK IN EXCISING LOBES OF THE
LUNG

Next to suturing stab and shot wounds of the lungs
and extracting from the bronchi foreign bodies that have
been located by the z-rays but cannot be removed by
means of the bronchoscope, excision of a portion of
the lung and amputation of one or more of its lobes
(pneumectomy), have been rendered possible by the use
of differential air pressure.

Eesection of a lobe seems indicated when the greater
part of it has become diseased, but its main bronchus
cannot be properly reached and isolated. In the human
being this condition is frequently encountered.

Extirpation of one or more pulmonary lobes, other
more conservative methods having failed, will perhaps
become the operation of choice in cases of serious de¬
struction of the lung tissue by chronic inflammatory
processes, and, of course, in the presence of new growths.The success of the operation for total extirpation of
the lung depends on the operators' ability to close thé
divided bronchus air-tight.

Various methods have been employed for this purpose,
as follows :

1. One mass silk ligature around the bronchus and its
vessels; amputation; cauterization of the mucosa of the
stumps with pure phenol or the Paquelin cautery.

2. Elastic mass ligature around hilus; removal of lobe
at second sitting (Lenhartz).

?>. Ligature and division of main bronchus; remnant
of lung tissue stitched over stump (Garré).

4. Isolation and temporary clamping of bronchus :

curetting of the mucous membrane of the divided
bronchus; tight silk ligature; second loose catgut liga¬
ture more centrally around bronchus (Friedrieh).

A fifth method of extirpating the lung is developed
below. It is original with myself as regards the treat¬
ment of the stump and was perfected in the course of
operations on dogs at the fiockefeller Institute for
Medical Eesearch, New York, beginning the middle of
November, 1908.

* Read in the Section on Surgery of the American Medical
Association, at the Sixtieth Annual Session, held at Atlantic City.
June, 1909.
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In this work I had the able
assistance of Dr. Martin Reh ling,
adjunct attending surgeon at the
German Hospital of Xew York,
who also took charge of the after-
treatment of the dogs operated on,
and further of Dr. Edward
Adams, instructor in surgery at
the New York Post-Graduate
Medical School and Hospital, for
anesthesia. To both of them my
sincere thanks are herewith again
expressed.

After a few trials the mode of
excision which is now pretty gen¬
erally practiced in appendectomy
was adopted as standard, viz. : iso¬
lation of the organ (here the bron¬
chus) ; clamping and crushing;
ligation and amputation; burying
the stump; top sutures.

1. Isolating the Bronchus.—-
The lung is pulled forward with
the left hand and its main bron¬
chus palpated ; with an anatomic
forceps the spaces between accom¬

panying vessels and bronchial wall
are penetrated, one after the other,
from the front backward; a silk
thread is pushed between the
blades of the forceps by the assist¬
ant and pulled through by the op¬
erator (Fig. 1). The vessel is tied
close to the heart. Then by pulling
on the first ligature, a. second silk thread is passed
through and tied distally. The vessel is then divided. This
manner of securing the vessels in the depth of the
thoracic cavity is preferable to using a Deschamps needle

Flg. 2.—Bayonet clamp, rubber-covered, compresses base of bronchus. Doyen's crusher
applied to bronchus above clamp. Stumps of ligated blood-vessels shown.

Fig. 1.—Intercostal Incision in third or fourth left interspace. Rib-spreader in place.
Descending aorta and portion of esophagus in background. Both hands covered with
cotton gloves. Left hand pulls lobe of lung upward and palpates bronchus. Right hand
pushes anatomic forceps between bronchus and Its accompanying blood-vessels and draws
silk thread through for ligature. Vessels then doubly ligated and cut through one after
another.

with a double thread. Two to four vessels have to be
ligated according to anatomic findings, which vary much
according to the early or late division of the pulmonary
vessels. Now the bronchus is entirely freed; the loose

connective tissue is pushed oil
with a gauze mop proximally and
distally in order to have the bron¬
chial stump as long as possible.

2. Clamping and Crushing.—
A bayonet clamp is placed on the
bronchus near to its base,  its
blades being covered with rubber
tubing. Above it the bronchus is
crushed,1 usually with Doyen's
large intestinal crusher (Fig. 2).

o. Ligation and Amputation.—
The remaining fibrous sheath is
ligated with silk, a clamp placed
distally and the bronchus cut off
(Fig. 3).

Jf. Burying the Stump; Top
Sutures.—Before removing the
bayonet clamp, or after, accord¬
ing to ease of access, the bronchus
is secured on either side with a

pointed forceps (Fig. 4). In or¬
der to accomplish that safely, a
branch of the vagus nerve must

1. The crusher should be an instru-
ment the working of which can be fully
controlled by the operator; it should
always be applied with care, its nose
pointing at right angle to the bronchus.
catching the cartillages surrounding the
bronchial tubes which have to be crushed
in a line with their longitudinal axis;
otherwise, a hole will be torn in the
crushed portion.
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Fig. 3.—Crushed portion of bronchus ligated with silk about three-eighths to one-halfInch above bayonet clamp. Strong artery clamp applied distally. Scissors divide crushedportion of bronchus between distal clamp and ligature.

often be pushed aside with a blunt instrument. Care
should be exercised to avoid injuring the nerve. The
two clamps are pulled on and the crushed part is pushed
back into the lumen of the bronchus with anatomic
forceps or tucker. Two to three top sutures (silk) draw
the uncrushed part of the stum] 
over the buried, crushed portion.
The sutures must not include
much tissue ; they should not pen¬
etrate into the lumen of the
bronchus. When tied, air-tight
occlusion results (Fig. 6). If
material is lacking, the peri¬
cardium can be hooked by the
needle on one side of the bron¬
chial stump and thus used to ad¬
vantage for closure.

This method of burying the
stump sometimes cannot be car¬
ried out; for instance, if the
bronchus divides early, so that
the ligature must close two
lumina (Fig. 7, a). In that
¿vent an emergency method must
be resorted to as follows: A sec¬
ond (mass) ligature is drawn
around the stump by the assist¬
ant with an anatomic forceps in
one hand and the crushed part of
the bronchus pushed inward, by
him with the other band. The
operator then ties it firmly (Fig.
7, b). The ligature will, in most

2. Meyer. W.: Esophagogastrostomyafter Intrathoracic Resection of the
Esophagus, Ann. Surg., July, 1909, L,
175.

instances, grasp and then securely
hold the buried part.

These are the two methods used
by me in treating the stump. Both
are practical, but the safer and
more surgical one is the sewing
of the uncrushed portion of the
stump over the crushed portion,
so as to form an air-tight cover
for the same (Fig. 6, a, b, c).

The described method insures
a permanently air-tight closure of
the bronchial stump. The impor¬
tance of such air-tight closure
will be understood from the fact
that leakage produces pneumo¬
thorax and, if the thoracic wound
had already been closed, would
result in a fatal issue. Should
the stump be found to leak, such
a condition becoming apparent
through a rapidly increasing em¬

physema of the skin, the patient
must promptly be put back under
differential pressure, the thoracic
cavity be reopened and the stump
be made air-tight.

The next step in the operation
is the closing of the thorax. In
my paper2 on esophagogastros¬
tomy read last week before the
American Surgical Association, it

has been pointed out that in opening the thoracic cavityit is advisable to avoid resection of the ribs; closure of
the wound is thereby simplified. The intercostal arteries
are easily injured by the needle in closing the wound,if one or more ribs have been excised, unless a mass

Flg. 4.—Stump of bronchus pulled forward with two pointed artery forceps. Crushedportion pushed inward with anatomic forceps (or tucker). One of the two or three
required top sutures (silk) being laid.
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ligature at the proximal end of
the rib is made to surround the
vessels. I prefer a long intercostal
incision and then separate the ribs
by a suitable rib-spreader. In clos¬
ing the wound, two or three reten¬
tion sutures with silk or chromi-
eized gut surround the two ribs
next to the incision.11 Below, the
needle enters close to the upper
border ff the rib which is to be
surrounded, and above, it is made
to hug the upper border of the rib
adjacent to the incision (Fig. 5).
The thoracic parietes are closed
with continuous layer sutures of
catgut. A few retention sutures
of silk or catgut approximate the
skin wound, which then is closed
with great care, the needle always
piercing the borders close to the
wound to avoid overlapping.
Aseptic gauze dressing completesthe operation.

When the thorax is thus closed,the pleural cavity is, at first, full
of air. With advancing cicatriza¬
tion, this air is absorbed, the heart
with the opposite lung is gradu¬
ally pulled to the other side, the
diaphragm rises and the thorax
flattens somewhat. The cavity is thus gradually filled
in. This process takes several weeks, if not months.

What takes the place of the removed lung in the inter¬
val? A logical conclusion would be to assume that a
serous effusion sets in as soon as the air left in the empty
pleural cavity has been absorbed. But such is not the
case, according to Dr. F. C. Wood, of New York, pathol¬
ogist to the German and St. Luke's hospitals, who
kindly assisted in the investigation of this interesting
question. His preliminary report, under date of May
26, 1909, on the first four dogs supplied him, is as fol¬
lows :

PATHOLOGIC REPORT

The animals were bled from the femoral artery and then
immediately injected through the same vessel with 4 per cent,
formaldehyd. They were then frozen solid and sawn in that
condition. The topography of the organs must, therefore, be
absolutely normal.

Dog 1 (Lab. No. .//S).—Terrier, white, fairly well nourished
but of light bone: killed ten days after excision of the left
lung. The thoracic wound was clean. There was considerable
falling in of the lateral wall of the left chest, with restriction
of motion of that side. The pleural cavity on the left side
contained a small amount of clear serum.

On section, the right lung was found to All the right side of
the chest and to extend in its lower portion beyond the middle
line. Anteriorly also it passed over the surface of the heart
beyond the median line. The upper lobe curved forward to the
left about 3 cm. beyond the middle line. Anteriorly the heart
was in contact with the ehest. Posteriorly the aorta and
esophagus curved forward between the heart and the lateral
chest wall so that there was a considerable space in the left
pleural cavity still filled with air. There were no adhesions
anywhere. The diaphragm on the left side had been pushed

3. This method suffices in animal experimentation. When
operating on human beings, Friedrich drills a hole into the lower
rib, passes the ligature through the same, and then surrounds
the adjacent upper rib. In view of the fact that the thin fascial
parts of the thoracic wall, when sutured, tend to necrosis, thus
interfering with primary union later on, it seems advisable to use
in place of silk, chromicized catgut for these sutures. It does not
have to be extracted.

Fig. 5.—Sutured bronchial stumps In depth, shown diagrammatically. Esophaguscrossed by aorta in background. One pericostal silk suture in situ, the second one being placed.

up about 2 cm. The stomach, though empty, was placed much
higher than was usual, following the liver and diaphragm up
toward the left pleural cavity. All the organs appeared nor¬
mal. The bronchial stump was perfectly healed. The chest
scar was clean and showed only as a slight thickening on the
inner wall of the thorax.

Dog 2 ( Lali. No. 34 ).—Foxhound, small white, rather thin,
but with good muscle and bone; weight, 10.5 kilos. Operation,
excision of left lung, March 19, 1909; killed April 1, 1909,
thirteen days afterward.

No noticeable falling in of chest wall and no interference
with respiratory movements.

Section in transverse plane showed right pleura large and
filled witli emphysematous lung. Heart pushed over about 2
cm. to left. Left pleura filled with air. No fluid in left
pleura and no inflammation of walls of cavity beyond a slight
reddening along the line of the intercostal incision into left
pleura.

Dog 3 (Lab. Xo. 33).—Terrier, brown, in good condition,
but thin and light-boned. Left lung excised March 16, 1909;
killed April 3, 1909, eighteen days after operation.

When alive the thorax on the side from which the lung was

removed showed some falling in and restriction of movement
in breathing.

On section, the left pleural cavity was closed, but the leaves
of the pleura were not adherent. There was no inflammatory
exúdate. The right lung had expanded, following the heart
to the 'left. The lower lobe passed completely behind the heart
over to the left, and appeared to the left of the ventricle. The
site of the bronchial stump can scarcely be seen.

Dog .'/.—Terrier, white with black and brown markings,
very powerful muscles and bones. Dog in very good condition.
Left lung excised March 9, 1909; killed April 8, 1909, thirty
days later.

While the animal was alive no falling in of the thorax or

restriction of movements was noticed.
On section, the heart was found to be slightly displaced to

the left and followed by the right lung. The left pleural
-cavity was but slightly smaller than normal and was filled

with air. There was no fluid in the pleura and no evidence of
inflammation. The bronchial stump projected about 2 mm.
from the mediastinal wall, and the ligatures were still present.
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It is astonishing how well dogs stand entire removal
of the lung on one side. Often they were on their feet
in less than an hour after the operation, as soon as the
effect of the hypodermic injection of morphin had worn

off, which was administered at the time of putting on
the dressing at the close of the operation.

The remarkable ability of the lung to continue per¬
forming its function even in the face of a far-reaching,
though gradual, destruction of its tissues, as in tubercu¬
losis, is well known. Eesearch by means of differential
pressure has now shown that such destruction of lung
tissue is equally well borne when it occurs suddenly, i. e.,
if one or more lobes are removed with the knife.

The method for such sudden removal, described above,
is a reasonably safe procedure in dogs and so effective
that its trial on human beings appears justified in cases
in which excision of the lung is indicated, with this dif¬
ference, however, that in the human being the first
branches of the main bronchus take the place of the
main bronchus of the dog (Friedrich).

As proof of the effectiveness of the method the statis¬
tics follow below of my results obtained with it at the
Eockefeller Institute in the course of the last six months.

Twenty-one total pneumectomies were performed, 18
on the left and 3 on the right side. Of the 18 dogs on
which the left-sided operation was performed, 15 recov¬
ered and 3 died. The cause of death in one case was a

A.
Fig. G.—Diagram : stump and crushed portion of bronchus (a)

tied; (b) pushed inward; (c) sutured. Arrows indicate direction
of intrabronchial air-pressure, which makes bronchus air-tight
against itself. Safety of occlusion increases with increasing air-
pressure.

small gauze mop left in the chest, and in the other two
cases pneumothorax, which was due in one instance to a

leaky stump and in the other to the reopening of the
inner angle of the sutured wound. Of the 3 dogs on
which right-sided pneumectomies were performed, 2
recovered and 1 died, death being due to distemper.

Thus of 21 total excisions of one side of the lung we

had 17 (81 per cent.) recoveries and 4 deaths.
Eemoval of one or more lobes of one lung was done 6

times. Of these dogs 5 (100 per cent.) recovered and 1
died, death occurring in the course of the operation from
the anesthetic.

Summing up, I had in my work, as far as the finished
excision of the lung is concerned, in 26 cases, 22 recov¬

eries (84.6 per cent.). At one time an uninterrupted
series of 12 dogs recovered without a single death.
Usually the wound healed under one dressing.

These satisfactory results I attribute to the rigid
asepsis and the method of operation employed, also to
the safe and reliable working of the new "differential
pressure apparatus," by means of which all the opera¬
tions were performed.

It is described in the second part of this paper.

li. THE NEW AMEBICAN-BUILT APPARATUS FOE THORACIC
SURGERY

We owe it to the work of Sauerbruch and Brauer that
the thoracic cavity has-been definitely opened to surgery.
There now remains no nook, no corner of the human
body to which the knife cannot be applied with safety.

Operations on the organs within the thoracic cavity,
principally the lungs, esophagus and heart, have been
done prior to the research work of those investiga¬
tors. Especially the heart has had an exceptional posi¬
tion,, inasmuch as an ostéoplastie operation on the tho¬
racic wall permits the surgeon to reach it and its peri-cardial sac without injury to the pleural cavity. Still,
such injury could not always be avoided, nor was a safe
operative attack on the lungs and esophagus, without the
presence of adhesions between costal and pulmonary
pleura, possible before 1904.

The physiologists, it is true, had solved the problem
long ago in their laboratory work on animals. With a
cannula tied in the incised trachea, or later with an in¬
tubation tube, air was rhythmically forced into the
lungs by bellows and artificial respiration thus kept up
as Ions? as needed (Fell-O'Dwyer and others).

a  ¿
Fig. 7.—Diagram : bronchus short and dividing early ; (a) liga¬

ture of crushed main bronchus and branch; (b) crushed portion
being thicker than lumen of bronchus, the complete pushing in is
not feasible. Mass ligature around stump and crushed part.

But with such devices the surgeon could not be satis¬
fied for regular operative work on sick human beings.His requirements differ from those of the physiologists.
He must be enabled to do operations within the thorax
as safely as in other parts of the body, at least so far
as general anesthesia with its possible sequelae and
accidents is concerned. He should not be obliged to put
a cannula into the trachea, either through the mouth or

directly through a trachéal incision to produce anesthe¬
sia. The head and mouth of the patient must be as
unincumbered and within as easy reach of the narcotizer
in thoracic surgery as in other operative work, while an
acute pneumothorax must be avoided, that stumbling-
block which, up to the beginning of this century, prac¬
tically excluded the lungs and intrathoracic portion of
the esophagus from the domain of operative surgery.
The requirements of the surgeon are filled by differential
air pressure apparatus.

I have been interested in differential pressure surgical
work from its inception, having been brought in close
touch with it, while in Europe in 1904, and seeing at
that time an operation performed in the just completedfirst differentia] pressure chamber ever built.4

4. Ann. Surg., 1905, xli, 667.
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But there remained in that chamber as well as in all
those built later on the same general lines considerable
scope for improvement.

The European negative pressure chambers being con¬
structed entirely of metal, are reverberating and through
their pipes connecting with the pump cylinder all the
noises occurring from valves and otherwise in the
pump are directly transmitted to the chamber. Surgeon
and anesthetizer are separated by a solid wall and cannot
hear each other speak ; for communication a telephone is
provided, but the noise in the chamber makes it almost
useless. Again, the anesthetizer can look into the cham¬
ber; but the surgeon cannot see the face of the patient,
which is hidden from his view by a metal casing.
Neither surgeon nor the assistants have sufficient elbow-
room, and there is no space for an assistant to the left
of the surgeon. No provision has been made against
break-down of power. As placed, the large European
differential pressure chambers can be used for negative
pressure only.

All the other types of European apparatus are con¬
structed for positive pressure only. They are distinctly
inferior to the above-mentioned negative apparatus,
inasmuch as with all 'of them occasions arise which
necessitate the interruption of the differential pres¬
sure during anesthesia, the Engelken type of appara¬
tus perhaps exceptée! ; but the latter has not only all
the before-mentioned disadvantages of the negative
pressure chamber, but also the additional fault that the
anesthetizer is not permitted to concentrate his attention
exclusively on the patient, he having to take care also of
the pressure-regulating valve and of the telephone.

In the Brauer as well as in the Engelken type of
apparatus the anesthetizer's position during the opera¬
tion is rather uncomfortable, and in the Brauer type
especially the proper handling of the patient under anes¬
thesia is a difficult matter.

Apparatus combining intubation and masks appears
so manifestly inadequate and dangerous for every-day
surgery that it cannot deserve preference over apparatus
leaving the mouth of the patient unincumbered. Yet
this kind of apparatus, too, and the ingenious devices of
Tiegel, Brat-Sehmieden, Karewski, also Seidel's appara¬
tus for after-treatment, will find their place.

In the spring of 1908, when I wished to acquire
apparatus for intrathoracic operations, only that
invented and manufactured in Europe was publicly
known. A careful canvass of the whole field showed
that the then existing apparatus was of two general
types : one working from atmospheric pressure down¬
ward (negative pressure), the other one from atmos¬
pheric pressure upward (positive pressure).

But there was none working both ways, and it was

just such apparatus that I wanted. I decided to build
it myself and, moreover, to build it in this country. I
got in touch with my brother, Julius Meyer, an engineer
by profession, and succeeded in interesting him in the
subject. Together we constructed a chamber for positive
and negative differential pressure. It comprises an
outer negative pressure chamber, the operating room

(Fig. 8), and within the same a positive pressure cham¬
ber, the anesthetizer's room (Fig. 9), by means of which
combination it is possible to operate either under nega¬
tive differential pressure or under positive differential
pressure, under a combination of the two or under a

change from one to the other in the same operation.
The advantage of combining two chambers to form

one apparatus becomes apparent also in the feature that

tiie operating table remains in the same location under
whatever pressure the operation is performed, and that
the moving about of the operating-table from inside to
outside, necessary with the large European chambers, if
their pressure were changed from negative to positive, or
vice versa, is here entirely avoided. Further, there is in
the new chamber ample elbow-room for the surgeon and
his assistant and for an assistant to the left of the sur¬

geon, obtained by means of a projecting head-box. The
opening in the latter is closed by a rubber collar, which
can be adapted to the size of the neck, and the bulging
of the collar is prevented by guillotine shutters. The
operator can see the face of the patient and the anes-
thetizer can see the body of the patient. For the latter
purpose a mirror is provided, but the anesthetizer can¬
not see directly the field of operation proper, so that
bis attention is not distracted from the anesthesia, but
must be given entirely and exclusively to it. The anes¬
thetizer has the face of the patient before him, as is
customary in ordinary operations, because he and his
assistant are enclosed, together with the head of the
patient, in the positive differential pressure chamber.
The head of the patient is adjustably suspended. The
anesthetizing chamber is so large that there is ample
space for oxygen apparatus; it has an air-lock providing
access or egress while the pressure is on and without
interruption thereof.

No air-lock is needed for the operating-chamber. The
pressure in the latter can at any time be raised from
negative to atmospheric pressure while the differential
pressure required for the operation is being maintained
without interruption, so that the door of the operating-
chamber leading to outside can then be opened.

The plant is so constructed that a triple reserve is
provided in case of break-down. There are two inde¬
pendently driven sets of pumps, one for pressure and
one for vacuum, so that in case of any mishap to one
unit an immediate change can be made from one
kind of differential pressure to the other ; in case of
accidents to both units a hand-pump is provided, by
means of which to maintain the positive differential
pressure in the anesthetizing chamber. The motors run
at constant speed. The variation of the air-pressure in
the chambers is effected by the manipulation of two air-
valves, which are set by hand to the desired gauge read¬
ings, a matter so simple that mistakes are excluded.
The valve is not of the water-column type, but simply a
cock. The chamber is of knock-down construction and
transportable. The structure in its entirety is very sim¬
ple and there is nothing in it to get out of order.

The constructive feature distinguishing these cham¬
bers from others is the use of two different materials,
metal and a fabric, for the obtaining of its two
requirements, strength and tightness. Iron can offer
the needed resistance to air-pressure; balloon material
is air-tight. By the combination of the two into one

air-tight structure, the ironwork profits to the extent
that it can be treated as a light open framework, easily
put together and just as readily taken apart, and that
the shops building it will find in the specifications no
requirement foreign to every-day structural iron rou¬

tine; on the other hand, the balloon material profits to
the extent that it does not have to sustain the air-pres¬
sure, that its distortion into a bulging ball is prevented,
and that by the iron frame it is kept to the desired shape.
In the positive pressure chamber (Fig. 10) the fabric is
arranged inside of the metal frame and in the negative
pressure chamber outside of it (Figs. 8 and 9).
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As stated above, all the heretofore constructed appara¬
tus can be divided into two groups, one working from
atmospheric pressure downward, and one working from
atmospheric pressure upward. The new chamber belongs
to neither group. It is sui generis. In constructing it
the aim has been to overcome and remove the limitation
of differential pressure chambers to atmospheric pressure
as the fixed basis at one end of the difference in pressure,
and to enable the establishing of the basis anywhere
above or below or at atmospheric pressure at will. This
was accomplished by combining two differential cham¬
bers to form one apparatus.

In combining two rooms to form one apparatus the
following modifications are possible :

1. The rooms may be separate.
2. The rooms may have one corner in common.
3. The rooms may have one wall in common.
In all of these cases the two rooms can be.either out¬

side of each other or one inside of the other one.
4. Two rooms may be one partly outside and partly

inside of the other one.
For the purpose in hand the combination of two sepa¬

rate rooms, one inside of the other one, was selected.

Fig. 8.—Outside view of universal differential pressure chamber
(first experiment).

But several of the other modifications will have their
use on occasion.

As regards the air-pressure in these rooms the follow¬
ing combinations can be made.

1. The pressures in both chambers deviate in the
same direction from open air :

A. Inner positive chamber combined with outer
positive chamber.

B. Inner negative chamber combined with outer
negative chamber.

2. The pressure in both chambers deviate in opposite
directions from open air:

C. Inner positive chamber combined with outer
negative chamber.

D. Inner negative chamber combined with outer
positive chamber.

Positive chamber in negative chamber (2-C) is the
combination which I have built and which I have in use
at the Eockefeller Institute in New- York. It was

selected for construction, first, because it enables the
nearest approach to operating in open air by building up
the differential pressure of half positive and half nega¬
tive pressure; second, because the anesthetizing-room
can be used independently as a positive pressure cham¬
ber, and, third, because the chamber can readily be trans¬
formed into negative chamber in negative chamber
(1-B) by simply reversing the motor of the pump that
ventilates the anesthetizing room, whereby the pump is
converted from a blower into a suction pump. If the
valves are now set to produce a higher rarefication
of the air in the operating-chamber than in the anes¬

thetizing room, the latter remains, relatively speaking,
a pressure chamber, and, by maintaining the proper
differential, the thorax can safely be opened with nega¬
tive pressure over the mouth as well as over the open

Fig. 0.—Inside view of universal differential pressure chamber
(first experiment).

thorax. On May 15, 1909, an operation was performed
under such conditions with a local barometric pressure
of 760 mm. Hg. and 744 mm. over the open thorax and
750 mm. over the mouth of the patient—which is equiva¬
lent to doing the operation at a higher altitude.

This kind of work may become of importance in
operating on patients afflicted with pulmonary tubercu¬
losis. Consumptives are sent to higher altitudes for
treatment; there may, therefore, be something in lifting
a patient during the operation to an altitude many hun¬
dred feet above the one where the operation actually takes
place and in lifting him frequently back to that altitude
in the after-treatment. It may be that internists, too,
will find such chambers useful in the treatment of pul¬
monary diseases.

By merely ventilating the outer room at atmospheric
pressure and putting the inner room under increased
pressure the two combined chambers become simply a

positive differential pressure apparatus.
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Thus in this particular combination of rooms an

operation can be performed under all of the following
conditions :

1. Under positive differential pressure.
2. Under negative differential pressure.
3. Under part positive, part negative differential pres¬

sure.
4. Under a gradual change from positive to negative

differential pressure, and vice versa.
5. Under a repeated change from positive to negative

differential pressure, and vice versa,
6. Under negative differential pressure at an altitude

above sea level higher than that of the place where the
operation is performed.

7. Under negative differential pressure same as G, but
at gradually or repeatedly changing altitudes.

The foregoing enumeration comprises all the various
conditions under which differential pressure operations
can occur, and this apparatus is, therefore, named a

"universal differential pressure chamber." In contra¬
distinction to it the narcotizing-room, when independ¬
ently used, is named a "positive differential pressure
chamber," because it must always and under all condi¬
tions have a higher pressure inside than outside of it.

The combination, inner positive chamber in outer
positive chamber (1-A), is not likely to be used. Its
effect would be equivalent to lowering the open thorax
of the patient into a shaft below the surface of the
ground and depressing the mouth of the patient still
further.

On the other hand, the remaining combination, nega¬
tive chamber in positive chamber (2-D) is again of
importance, though not in thoracic surgery, because
negative pressure at the mouth and positive pressure at
the open thorax would accentuate the pneumothorax.
But in brain surgery this combination of chambers will
find its place. By means of it the blood can be drawn
away from the head and by varying the pressure we can
control the quantity of blood thus temporarily with¬
drawn from circulating through the heart. In this com¬
bination the patient's body is put into the inner room.

The positive differential pressure chamber described
in this paper (Fig. 10) was built to withstand hard
usage. It has been put up and knocked down many
times. It was first erected in the iron works, then
knocked down, transported to another factory for com¬

pletion and assembling with parts constructed elsewhere.
It was there erected and tested, then knocked down
and transported to the Bockefeller Institute; there
erected, used in operations on dogs, knocked down
and transported to the German Hospital in New York;
there erected, used in operations on patients, knocked
down and transported to Philadelphia; there erected
in the Jefferson Medical College Hospital for demon¬
stration before the American Surgical Association,
knocked down and transported back to the German Hos¬
pital in New York, and on arrival there went together
with as little trouble as it did when first completed.

A structure has to be strong and solid in all its parts
to endure such treatment without becoming dented and
twisted and thereby troublesome and expensive by needed
repairs. A chamber built to remain at one place may
be built lighter. But the rough handling that this Ger¬
man Hospital positive differential pressure chamber in
its many migrations was subjected to by truckmen and
on the railroad without suffering damage thereby proves
its fitness for use in war, and it was partly with
the object of testing it for military requirements and
under something like war conditions that this chamber

was so many times knocked down, carted from place to
place and re-erected. On an average it took one man
and a helper about one hour to knock it down and the
same number of men about four hours to erect it again
ready for use. The time can probably be reduced should
the work be clone by military men of the sanitary corps,
specially drilled for the purpose.

Mention should not be omitted of the fact that with
the positive differential chamber artificial respiration
was produced in a case of collapse by rhythmic move¬
ments of the valve handle, increasing the pressure quick¬
ly to 12 mm. Hg. and lowering it again to atmospheric
pressure.

The chambers are cleaned by using the suction pumps
as a vacuum cleaner, by means of which such dust as

may be there is removed from the wire frames of walls
and ceiling. The floor of the negative chamber is
solid and so constructed that it can be scrubbed. In the
final construction of the chamber its walls and ceiling
will be similarly arranged.

Fig. 10.-—Positive differential pressure chamber (first experiment).

Formalin vapors are used for disinfection, which are
then ventilated off by the pumps.

"When I began to use the chambers, the question arose
in my mind : How far can we go in exposing ourselves
to such positive and negative pressures? Where is the
danger-line? Inquiry developed the fact that even
should the negative chamber be exhausted to a differen¬
tial pressure of 50 mm. Hg., thus being strained to the
limit of its capacity, we would, in exposing ourselves to
that differential, still be within the limits of our possible
every-day experience, as barometric fluctuations of 50
mm. Hg. are nothing unusual in our climate.

On this subject a letter was received under date of
Jan. 7, 1909, from the central office of the U. S. Weather
Bureau at Washington, D. C, which reads in part :

The height corresponding to a change of pressure from 760
mm. to 710 mm. varies with different temperatures of the air
column. The change of 50 mm. pressure at sea level with a
mean temperature of 0 C. would correspond to an elevation
of 1,786 feet, at 15 C. to 1,881 feet, and at 30 C. to 1,978 feet.
The range of the barometer at New York is more than 50 mm.

The differential pressures used in thoracic surgery
seldom exceed 7 or 8 mm. Hg., corresponding to a dif-
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ference in altitude between 250 and 300 feet ; that is to
say, the patient's mouth is lowered about 300 feet below
his opened thorax. The anesthetizer, however, as well
as the surgeon and his staff are not under differential
pressure at all; their entire bodies are under one pres¬
sure only. Eight mm. Hg. is equivalent to a pressure
of about one-sixth of a pound per square inch. In
caisson foundations for bridges and tall buildings work-
mgmen are required sometimes to work for hours at a

time under air pressures of thirty and more pounds
to the square inch, without detriment to their con¬

stitutions, which indicates that we are far removed
from danger when working in our chamber under posi¬
tive pressure. As to vacuum I have no such records to
offer. We ourselves have been frequently under 16 mm.

Hg. negative pressure, drawing the pressure down rap¬
idly, without any perceptible detriment, though feeling
a slight pressure on the ear-drums, which, however, dis¬
appeared after swallowing once or twice. Hints in this
direction can probably be obtained by looking up, for
instance, the practice with pneumatic chambers used
in bathing institutions; but time has been lacking to do
that for this paper.

Again, if the differential pressure in the universal
chamber is composed of part vacuum and part pres¬
sure, only the patient is exposed to the full differential,
while all others are exposed only to the component frac¬
tions thereof, the anesthetizer to the positive fraction
and the surgeon and those with him to the negative
fraction, which still more reduces any possibility of
detrimental effects on the users of the chamber.

It was to be supposed that a differential pressure com¬

posed of part positive and part negative pressure would
act the same as one of equal magnitude but entirely
positive or entirely negative. After several operations
performed under such conditions, it can now be
stated that it does act the same, at least as far as

keeping the lungs inflated is concerned. But there
seems to be this difference, that abdominal and thoracic
breathing come more or less into play according to
the variation of the components. Observations along
this line are still in progress. Further, there seems
to be a difference in the effect of the narcotic under
positive and negative pressure. With increasing vacuum

component the anesthesia apparently becomes deeper
and it becomes less deep when the positive pressure
component is increased, which is equivalent to stat¬
ing that a smaller amount of the narcotic is required
under negative pressure to produce a satisfactory anes¬
thesia.

In conclusion, a word about the history of the new

apparatus. The studying up, designing and construct¬
ing of these chambers has occupied my brother and
myself since May of last year, my brother devoting him¬
self entirely to the matter. The work of construction
was begun in November of last year. A start was made
with the smaller and less expensive apparatus on which
to make our mistakes and such blunders as are liable to
happen when plodding into the unknown. Therefore,
the building of a positive differential chamber was first
attacked. It was tested on December 23, was found to
work all right and was first used in an operation at the
Eockefeller Institute on January 8 of this year. It came

up to requirements in every way, so much so that the
building of a large universal differential chamber was

immediately taken in hand.
It was not carried to completion as expeditiously as

the first one, for several reasons. The vital question of
dimensions was an open one for a long time, because the

finding of the best adapted rooms in the German Hos¬
pital, where the chamber was to be placed, offered con¬
siderable difficulty. Then, of course, the thing had
first to be invented; the many roads leading to Bome
had to be gone over, all the many details had to be
worked out and tried out and everything had to be
boiled down from the complicated to a condition of
extreme simplicity in order to make it trouble-proof.
Further delays occurred in manufacturing the appa¬
ratus. There is practically nothing in the chamber
that is standard; almost everything is special and had
to be made to order. Difficulty was encountered to
find manufacturers at all willing to let such special
work interfere with their routine business.

Finally, on May 7, the universal chamber stood com¬
pleted in the Bockefeller Institute; and a lung extirpa¬
tion was performed therein on that day with the follow¬
ing gauge record :

Time. Pressure MM. Ilg. Time. Pressure MM. tig.
III-. Min. Negative. Positive. Hr. Min. Negative. Positive.
4 27  0 4 44 0 G

31 6 0 .. 56 1 5
32 5 1 .. 57 2 4
:i4 3 3 .. 58 3 3
37 4 2 . . 59 4 2
41 3 3 5 00 5 1
42 2 4 03 6 0
43 1 5

. .

10 0 0

Instructions had been given to the man at the valves
to make frequent changes in the pressure components at

Needle in position for injection of middle branch. Case 46.
Illustrating Article by Db. Patrick

short intervals, so that the effect of the changes might be
observed. At 4 hours 44 minutes, when atmospheric
pressure prevailed in the operating-chamber, the door to
outside was opened and one of the guests left, the opera¬
tion meanwhile going on without interruption. It will
be remembered that the negative chamber has no air¬
lock. During the next following operation the house
telephone suddenly rang outside the chamber, while
the gauge recorded 6 mm. Hg. vacuum inside. The
vacuum was raised to atmospheric pressure, the door
opened, the telephone attended to, the door closed and
the vacuum of 6 mm. restored, all without interruptionof the operation or disturbance of the differential pres¬
sure.

As stated above, this is no longer a Sauerbruch cham¬
ber or a Brauer apparatus. It goes beyond what they
conceived. Neither of them can build up the differential
of part positive and part negative pressure or go from
positive to negative pressure, or vice versa, in the course
of the same operation. Even in physiologic work, inves¬
tigators have heretofore never put a dog on which they
experimented, first under positive and then under nega-
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tive differential pressure in the same apparatus. It was
always one dog under positive and another under nega¬
tive differential pressure. An element of uncertainty is
thereby carried into their conclusions regarding the
relative merit of the two kinds of pressure.

This American-built apparatus enables us for the
first time to study the behavior of one and the same
animal during one and the same operation, under both
kinds of differential pressure, under a change from one
to the other, and also under a change of the altitude
above sea level. What is more important, it enables us
also to study pathologic conditions of man in the same

thorough manner, excluding all guesswork, and to find
the indications for the pressures best adapted to and
safest to use in the many varying degrees of related
diseases of human kind.

700 Madison Avenue.

[Editor's Note: The three preceding articles are part
of a Symposium on Thoracic Surgery which will be con¬
cluded next week by the articles of Drs. Powers and
Beck and the discussion.]

SEVENTY-FIVE CASES OF TBIFACIAL NEU¬
RALGIA TBEATED BY DEEP INJEC¬

TIONS OF ALCOHOL*
HUGH T. PATRICK, M.D.

Clinical Professor of Neryous and Mental Diseases, Northwestern
University Medical School

CHICAGO

Two years ago I reported sixteen cases of trifacial
neuralgia treated by deep injections of alcohol,1 and
four months later I briefly reported seven additional
cases.2 The method was new, scarcely known in this
country; and, further than the fact that injections into
the nerve instantly stopped the pain, not many definite
statements could be made either for or against it, al¬
though it promised well. Even now it is so unfamiliar
to the medical public that, having employed it for near¬

ly three years, I feel that my results should be reported.
Needless to say, by trifacial neuralgia I mean neural¬

gia of one or more branches of the fifth or trifacial
nerve; not migraine, which often is called neuralgic
headache; not sinus disease; not anything but classical
tic douloureux. That the patients with this malady
suffer horribly is known to all. That a treatment sim¬
ple, effective and devoid of danger is a great desidera¬
tum needs no emphasis. While the deep injection
method is by no means ideal, it is relatively simple, it
certainly is effective in relieving the pain, and it is
practically free from serious danger. As a radical cure
it can not compare with complete removal of the Gas-
serian ganglion, but, except in a very few and peculiarly
skilled hands, the latter operation is difficult and dan¬
gerous—very dangerous, indeed, for the majority of
operators. To mention treatment by drugs, electricity,
heat, etc., is to note the ultimate futility of these meas¬
ures in the vast preponderance of cases. The various
peripheral operations on the several branches of the
nerve, including the Abbé operation of dividing them
peripheral to the ganglion, have all met a measure of
success, but all require an anesthetic, and those which
are neither difficult nor dangerous generally give relief
for only a brief period. Concerning the deep injections

* Read in the Section on Nervous and Mental Diseases of the
American Medical Association, at the Sixtieth Annual Session, held
at Atlantic City, June, 1909.

1. The Journal A. M. A., Nov. 9, 1907, xlix, 1567.
2. Cincinnati Lancet-Clinic, Dec. 28, 1907.

of alcohol I have no thesis to maintain. I wish simply
to state my results and to add a few hints, the fruit of
experience.

To redescribe the technic3 seems unnecessary, but I
may state that the injections are made with a straightneedle about 10 cm. long, 1.5 mm. thick and fitted with
a stylet or obturator, the blunt end of which is flush
with the needle-point. The sharp point is used to punc¬
ture the skin, after which the stylet is pushed home,
making a blunt instrument for the remainder of the
penetration. Both Brissaud and Sicard, and Levy and
Baudouin have 'discarded the stylet, using a more slen¬
der and sharp needle. I have tried the latter, but prefer
the former. The needle is introduced at the lower bor¬
der of the zygoma, the object being to reach the inferior
maxillary division of the nerve at its emergence from
the foramen ovale (about 4 cm. deep) and the superior
maxillary as it leaves the foramen rotundum (about 5
cm. deep). Deep injections for the supraorbital branch
I have abandoned as being too hazardous. When an

injection of this branch is needed, which is not very
often, I use a "peripheral" injection at the supraorbital
notch. In a few cases I have also used a "peripheral"
injection at the infraorbital foramen.

The solution used is about 85 per cent, alcohol (not
absolute) with four grains of cocain to the ounce. Of
this, about 2 c.c. are introduced each time. Morphin
and chloroform, formerly used in the solution, I have
abandoned, and I also have stopped using 75 per cent,
alcohol for the first injection.

As before intimated, this paper is simply a record of
results, but tabular statements and summaries some¬
times conceal almost as much as they reveal, and so I
prefer to make a report of each case, very brief but ac¬
curate, so that the reader may come to his own conclu¬
sions. An attempt has been made to follow the course
of all cases, and when not otherwise stated this has
been done up to May 1, 1909, two years and nine
months after my first injection. For obvious reasons the
first twenty-three cases, already reported elsewhere, are
included here.

Perhaps it may not be amiss to add that the cases
were all unmistakable ones of tic douloureux; that
some of them were frightfully severe; that most of the
patients were quite disabled by the disease; that all had
tried other forms of treatment; that a considerable
number had undergone cutting operations; that some
were very old and feeble, and that in no instance have I
declined to administer the treatment on account of the
severity of the case or of organic complications.

Case 1.—Aug. 2, 1906. Woman, aged 43; neuralgia of eight
or nine years' standing. One injection each for middle and in¬
ferior branches. No return in two years and nine months.

Case 2.—Sept. 21, 1906. Woman, aged 49; neuralgia for
sixteen years, middle and inferior branches; bad case. Five in¬
jections; complete relief for four months; slight return in
lower branch; three injections; relief. Five months later a
few slight pains in middle branch; 2 injections; immediate re¬
lief. Seven months after this or a year after the recurrence
in the lower branch, this division again showed signs of re¬
turning pain. Two injections were made and, although ap¬
parently both missed, there has been no further pain in this
branch. The last week in June, 1908, a year after the last
injections for the middle branch, the patient had a few slight
pains in this branch and June 30 received an injection. She
has had no more pain; that is, with reinjections, relief for
two years and seven months.

3. See papers in The Journal A. M. A., Nov. 9, 1907.
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